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Sustainable developmentEcosystem services and sustainability have become prominent concepts in international policy and
research agendas. However, a common conceptual ground between these concepts is currently underde-
veloped. In particular, a vision is missing on how to align ecosystem services with overarching sustain-
ability goals. Originally, the ecosystem service concept focused on sustaining human well-being
through biodiversity conservation. Nevertheless, studies within the field also consider appropriation
beyond carrying capacities, and natural resource management that involves environmentally damaging
inputs as ecosystem service provision. This brings the ecosystem service concept into conflict with the
core goal of sustainability, i.e. achieving justice within ecological limits over the long term. Here, we link
the ecosystem service concept to sustainability outcomes operationalized in terms of justice. Our framing
positions sustainability as an overarching goal which can be achieved through seven key strategies: equi-
table (1) intergenerational and (2) intragenerational distribution, (3) interspecies distribution, (4) fair
procedures, recognition and participation, (5) sufficiency, (6) efficiency, and (7) persistence. Applying
these strategies has the potential to re-focus the ecosystem service concept towards the normative goal
of sustainability. We identify research needs for each strategy and further discuss questions regarding
operationalization of the strategies.
 2017 Elsevier B.V. All rights reserved.1. Introduction
Ecosystem services and sustainability can both be defined as
descriptive and normative scientific concepts. They are used to
describe and analyse the relationship between humans and the
environment (Abson et al., 2014; Gómez-Baggethun et al., 2010).
The normative aspect of both concepts expresses how the relation-
ship between human societies and their environment should be
shaped. Next to their use in descriptive and analytical science, both
concepts can also involve value judgements and norms.Commonly, ecosystem services describe the ecological struc-
tures and functions appropriated as a means to increase human
well-being (Haines-Young and Potschin, 2010a). The ecosystem
service concept is a boundary object that illustrates the relation-
ship between humans and their natural environment (Abson
et al., 2014; Schröter et al., 2014b). The concept assigns instrumen-
tal value to ecological structures and functions, based on the extent
to which they enhance human well-being. In other words, the
ecosystem services notion contends that ecosystems should be
conserved because to do so is also ‘good’ for humans. Currently,
research on ecosystem services implements a rather descriptive
understanding of ecosystems’ contributions to human well-being
and often disregards normative questions, such as the well-being
of future generations (van den Belt and Stevens, 2016) and how
to achieve social and environmental justice (Jacobs et al., 2016).
Here, we shed light on these questions by situating ecosystem
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that focuses on human well-being (e.g. Kuhlman and Farrington,
2010). Sustainability has been defined in many different ways. A
widely shared foundation, which we adopt for this paper, is that
sustainability represents an ideal, non-fixed state that meets
human needs of current and future generations within ecological
limits (WCED, 1987).
Originally, the ecosystem service concept called attention to the
consequences of biodiversity loss for future human well-being and
was thus closely linked to sustainability (MA, 2005). Early notions
of ecosystem services argued that fighting biodiversity loss should
take place because biodiversity contributes to essential services
that ecosystems provide (Ehrlich and Ehrlich, 1981; Ehrlich and
Mooney, 1983). Links between ecosystem services and sustainabil-
ity are also implied by their co-occurrence in research and policy
agendas, such as the Aichi Targets of the Convention on Biological
Diversity (UNEP, 2010), the Sustainable Development Goals (UN,
2012) and the Intergovernmental Platform on Biodiversity and
Ecosystem Services (IPBES) (Díaz et al., 2015). This co-occurrence
suggests that the ecosystem service concept can, or at least is
intended to, contribute to sustainable ecosystem management
(Bennett et al., 2015; Jacobs et al., 2013). However, various exam-
ples demonstrate that the application of the ecosystem service
concept potentially conflicts with sustainability goals. We illus-
trate and elaborate some of these examples from recent literature
on ecosystem services.
Despite some advancements to define and operationalize the
ecosystem service concept (Boyd and Banzhaf, 2007; Haines-
Young and Potschin, 2013; TEEB, 2010), definitions remain
ambiguous and open to different interpretations (Danley and
Widmark, 2016; Nahlik et al., 2012). This ambiguity allows differ-
ent users to creatively apply the concept (Schröter et al., 2014b).
However, some interpretations may place the ecosystem service
concept at odds with its original discursive and normative fram-
ings. For instance, some studies have labelled intensive, non-
renewable natural resource use as ‘ecosystem services’, such as lig-
nite mining (Burkhard et al., 2012), peat extraction (UK NEA, 2011),
and intensive animal husbandry and intensive crop production
(Raudsepp-Hearne et al., 2010). Moreover, overuse of provisioning
services can conflict with sustainability goals. As an example,
large-scale intensive fishing above maximum sustainable yield is
a global threat to marine ecosystems (Halpern et al., 2008; Pauly
et al., 1998). Total landings are frequently used to quantify the
ecosystem service provision ‘food’ (for a review cf. Liquete et al.,
2013), regardless of how sustainable those landings may be. Over-
all, ecosystem service studies regularly consider food production
within a set of assessed services (Lautenbach et al., 2015;
Malinga et al., 2015). Intensive agricultural practices, however,
can put regulating and cultural services at risk (Lee and
Lautenbach, 2016; Power, 2010). In practice, value judgements
based solely on an operationalization of the ecosystem service con-
cept might conflict with value judgements based on the concept of
sustainability. For instance, when ecosystem service assessments
produce aggregated values, these tell little about inter- and intra-
generational distribution of ecosystem services and the values
attached to them. Intra- and intergenerational distributions are,
however, important elements of sustainability (WCED, 1987), as
we will explain in more detail below.
Despite calls for more consideration of sustainability in ecosys-
tem service appropriation and management (Daly, 1992; Jacobs
et al., 2013; Norgaard, 2010), an understanding of the common
ground between ecosystem services and sustainability is currently
underdeveloped. A common vision is lacking on how to (re)align
the conceptualization and management of ecosystem services with
sustainability as an overarching normative goal (Bennett et al.,
2015; Loos et al., 2014).In this paper, we embed the ecosystem service concept within a
sustainability framework in order to operationalize normative
judgements of ecosystems’ contributions to human well-being. If
the ecosystem service concept is to be understood as a means to
analyse, deliberate and manage society-environment interactions,
then the notion of sustainability would provide a well-
established and flexible framework for normatively grounding that
understanding. In order to develop a conceptual framework that
refocuses the ecosystem service concept towards sustainability,
we explore seven sustainability strategies that could be considered
for the assessment, governance and management of ecosystems
services. For each sustainability strategy, we suggest ways to
advance future ecosystem service assessments and management.2. A framework for conceptualizing ecosystem services for
sustainability
We present a framework that connects five aspects of ecosys-
tem service appropriation to four sustainability outcomes through
seven key sustainability strategies (Fig. 1).
Five aspects of ecosystem service appropriation can be distin-
guished based on earlier conceptualisations of the ecosystem ser-
vice framework, also described as the ‘cascade model’ (Haines-
Young and Potschin, 2010b; TEEB, 2010). According to this model,
which has been further developed by, among others, Villamagna
et al. (2013), (i) Ecosystem properties are a ‘‘set of ecological con-
ditions, processes and structures” (van Oudenhoven et al., 2012)
from which ecosystem services are appropriated. (ii) Capacities
are the potential of the social-ecological system’s available ecosys-
tem properties to sustainably provide ecosystem services
(Villamagna et al., 2013). (iii) Flows are the actually appropriated
ecosystem services (Schröter et al., 2014a). (iv) Benefits gained
from that ecosystem service appropriation differ from the services
as they refer to positive changes in different aspects of human
well-being (Naeem et al., 2016), such as safety, leisure, happiness,
health and welfare (Schmidt et al., 2016). (v) People can hold dif-
ferent values in relation to well-being, i.e. different measures of
importance (Chan et al., 2012). Aspects (i) and (ii) relate to the
potential to achieve human well-being through ecosystem service
appropriation and (iii), (iv) and (v) relate to human well-being
derived from actual appropriation of ecosystem services.
The right-hand side of our framework (Fig. 1) presents four
aspects of justice as sustainability outcomes. Central to sustain-
ability are equal rights of present and future generations to the
prerequisites of a good human life (e.g. Ott, 2003). To achieve such
distributive justice, ecosystem services would have to be used
within ecological limits so that ecosystems can provide the condi-
tions for human well-being over the long term. This differs from
the conceptualization of natural capital and ‘strong sustainability’,
which has been used earlier in the context of ecosystem services
(Ekins et al., 2003). Strong sustainability assumes that non-
declining natural capital is a necessary condition for achieving
human well-being over time (Neumayer, 2010). Taking a more
consequential position, we focus on the outcomes resulting from
the interaction between natural capital, different other forms of
capital (labour, knowledge, technology) and socio-political con-
texts (Palomo et al., 2016; Remme et al., 2014; van Oudenhoven
et al., 2015). In parallel to distributive justice, sustainability also
entails procedural justice, including fair treatment, recognition
and participation in societal decisions (Agyeman and Evans,
2004; Schlosberg, 2004). While being a normative goal in itself,
procedural justice may also help to ensure that rights and values
of different interest groups are acknowledged and considered
when it comes to fair distribution of benefits. Furthermore, as sus-
tainability is a notion that is open to different interpretations, it
Fig. 1. Framework showing the relationship between aspects of the ecosystem service concept (left) and the strategies (middle) leading towards different sustainability
outcomes (right).
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2016). Given the multiple contexts in which ecosystem services
are appropriated and the multiple, potentially conflicting goals to
which the management of that appropriation is aligned, a focus
on procedural justice provides an explicit platform for more discur-
sive aspects of the ecosystem service concept. The anthropocentric
perspective of sustainability can be complemented by incorporat-
ing justice towards non-human entities, for instance towards other
species (Norton, 2005). Consideration of interspecies justice origi-
nates from a perceived narrow focus on anthropocentric values
within the sustainability debate (Costanza, 1989; Lockwood,
1999) and comprises equal consideration of all species in the con-
sequences of societal actions (Davidson, 2013). Sustainability thus
comprises justice-related (intergenerational, intragenerational,
procedural and interspecies) sub-goals constrained by ecological
conditions over time.
We distinguish seven key sustainability strategies (Fig. 1). These
strategies can be understood as ‘filters’ through which the
appropriation of ecosystem services is to pass in order to ensure
contribution to sustainability outcomes. The application of these
‘filters’ can be used to analyse whether the appropriation of an
ecosystem service is sustainable (cognitive goal). Furthermore,
such information could enter societal discourses about where
and how the appropriation of ecosystem services could match
the overarching societal aim of sustainability. The ‘filters’ can then
also be used to guide and structure management decisions in order
to reach sustainability (normative goal). The seven strategies are:
1. Equitable intergenerational distribution; 2. Equitable intragener-
ational distribution; 3. Equitable interspecies distribution; 4. Fairprocedures, recognition and participation; 5. Sufficiency; 6. Effi-
ciency; 7. Persistence. Note that the order of the strategies does
not reflect a ranking of importance, as the strategies are interlinked
means towards sustainability. For instance, equitable distribution
of benefits derived from ecosystem services over the long term
simultaneously requires a successful strategy to stay within eco-
logical limits. The first three strategies address distributive aspects.
Fair procedures, recognition and participation focuses on processes
in relation to the first three strategies. Sufficiency, efficiency and
persistence relate to means to handle ecological limits.
In the following sections we reflect on each of the seven sus-
tainability strategies and exemplify how the strategies can be pur-
sued when operationalizing the ecosystem service concept in the
context of the overarching goal of sustainability.3. Strategies to link ecosystem services and sustainability
3.1. Equitable intergenerational distribution
The question of how benefits and values derived from ecosys-
tem services are distributed between current and future genera-
tions relates to inter- and intragenerational justice. Ecosystem
properties and resulting capacities need to be maintained, and
the societal capability to appropriate those properties needs to
be ensured. This would ensure that current and future generations
can derive flows of ecosystem services, and therefore benefits from
their interactions with ecosystems according to their values. How-
ever, future generations might desire different ecosystem services
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cannot know the preferences of future generations, maintaining
ecosystem properties maintains options for future generations to
benefit from different flows of ecosystem services. This prerequi-
site to providing services over time is in line with strong sustain-
ability (Ekins et al., 2003; Neumayer, 2010). The less tangible
benefits derived from human interactions with nature (e.g. sense
of place, psychological well-being) are strongly related to tradi-
tional practices and cultural ecosystem services (cf. Louv (2005),
Raymond et al. (2013)). The loss of such traditions and experi-
ences—also referred to as the extinction of experience (e.g.
Miller, 2005)—has been associated with a number of negative out-
comes for sustainability and has led to calls for reconnections to
nature (Abson et al., 2017). Hence, a better understanding of how
certain cultural ecosystem services could contribute to achieving
the overarching goal of sustainability is needed. Moreover, option,
existence and bequest values express people’s appreciation of the
continued existence of species and ecosystems beyond their imme-
diate use (Chan et al., 2012; Klain et al., 2014). As these values
relate strongly to conservation of species and ecosystems over
time, a better recognition in ecosystem service assessments could
ensure that intergenerational aspects are considered (Chan et al.,
2016).
This discussion of equitable intergenerational distribution
implies that three key issues need to be addressed in future ecosys-
tem service assessments: 1) Account for potential liquidation of
natural capital (which would be detrimental to intergenerational
justice) in assessments of benefits. 2) Assess how ecosystem ser-
vice flows maintain and support (or damage and impair) the
long-term capacity of the social-ecological system. 3) Integrate
option, existence and bequest values into ecosystem service
assessments.
3.2. Equitable intragenerational distribution
Intragenerational distribution relates to the question of which
members of present generations benefit from ecosystem services
and how people value the appropriated flows. Depending on
socio-political and other factors, access to ecosystem service flows
can be distributed unequally (Lakerveld et al., 2015). Hence, evalu-
ating intragenerational justice requires an assessment of the distri-
bution of the costs and benefits of ecosystem service appropriation
for different beneficiaries, which goes beyond simply aggregating
values of ecosystem services (Bennett et al., 2015). Ecosystem ser-
vice governance and management could be improved by assessing
who actually receives flows of ecosystem services, who misses out
and how land management satisfies needs of different societal
groups for ecosystem services (e.g. Milcu et al., 2014). A distinction
between the capacities to provide services and the actual flows
(including an assessment of who benefits) can help to elucidate
aspects of intragenerational justice in ecosystem service assess-
ments. Inequitable intragenerational distribution might result
from trade-offs between ecosystem services, i.e. situations in
which the provision of one service increases at the expense of
another service (Bennett et al., 2009). This can also involve a shift
from many service beneficiaries to few. For instance, plantations
for maximizing timber or palm oil production or carbon sequestra-
tion may conflict with conserving structurally rich and diverse for-
ests (Duncker et al., 2012) from which people can collect wild
foods, other non-timber forest products or enjoy cultural ecosys-
tem services (Dislich et al., 2016). A meaningful ecosystem service
assessment needs to untangle the potential trade-offs in ecosystem
service flows and associated benefits and values of different peo-
ple. As people ascribe different values to the same ecosystem ser-
vices (Chan et al., 2012) and have different degrees of power to
express their interests (Berbés-Blázquez et al., 2016; Sikor et al.,2013), operationalizing intragenerational distribution within the
ecosystem service concept requires recognizing and accounting
for a wider plurality of values that are not generally considered
in present ecosystem service assessments (Iniesta-Arandia et al.,
2014; Jacobs et al., 2016).
Only few notable exceptions have demonstrated the intragener-
ational distribution of benefits derived from ecosystem services
between stakeholder groups (Daw et al., 2011; Lakerveld et al.,
2015). Recently, more attention has been paid in the ecosystem
service literature to the importance of values ascribed to services
by different stakeholders (e.g., Daw et al., 2015; Iniesta-Arandia
et al., 2014; Klain et al., 2014). The field of ecosystem services
has also begun to address issues of equity and environmental jus-
tice (Aragão et al., 2016; Ernstson, 2013; Jacobs et al., 2016;
McDermott et al., 2013) suggesting a shift back to the discursive
roots of the ecosystem service concept.
The discussion of equitable intragenerational distribution
implies that future ecosystem service assessments and manage-
ment need to address the following issues: 1) A greater focus on
the multiple (bundled) services that flow from specific ecosystems,
rather than (maximized) individual services. 2) Acknowledge
potential inequalities between different actors in ecosystem ser-
vice appropriation and assess disaggregated benefits and values.
3) Explicit concern for power relations in the ecosystem service
framework, particularly with regard to individuals’ and cultural
groups’ capabilities to access service flows.3.3. Equitable interspecies distribution
Appropriating ecosystem services can have negative effects on
ecosystems and thus on species that are either directly used as
ecosystem services, or suffer from use of other ecosystem services.
Examples are the extractive use of wood from forests, overfishing
oceans or overgrazing rangelands. Including interspecies justice
within the overarching goal of sustainability, one needs to deter-
mine the ‘just’ proportion of human appropriation of ecosystem
services. This ‘just’ proportion includes ecosystem capacity and
flows left for other species, even if – considering the anthropocen-
tric focus of the ecosystem service concept – the capacity and flow
left for other species are no ’ecosystem services’ for these species. A
way to conceptualize this for provisioning services would be by
considering the ecosystem service flow appropriated by humans
in relation to the ‘just’ claims of other species. An example is wood
production in a forest. Capacity could be conceptualized as the
annual regrowth, and flow as the annual harvest. In a parsimonious
way, sustainability could be defined as flow not exceeding capacity
(Schröter et al., 2014a). However, concerning interspecies distribu-
tion, the question arises how much of the biomass should be left to
other species that also depend on it. Similarly, recreation experi-
ence (as a cultural ecosystem service) may be increased through
modifying ecosystems, for example through replacing semi-
natural habitats by parks with uniform grass cover to increase their
aesthetic appeal. However, such management may have detrimen-
tal impacts on biodiversity that are not considered in the assess-
ment of cultural ecosystem service provision.
Based on this discussion of equitable interspecies distribution,
the following issues in future ecosystem service assessment and
management should be addressed: 1) Explicit consideration of
the capacity of a particular ecosystem to provide flows of ecosys-
tem services and balance human needs and wants with biodiver-
sity conservation. 2) Consideration of the ecological impacts of
ecosystem service appropriation on ecosystem properties. 3)
Acknowledgment that ecosystems are not only of instrumental val-
ues to humans, but are also ascribed intrinsic value for the biodi-
versity they contain.
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Sustainability concerns include procedural justice, which
involves recognition, participation and power. Stakeholder
involvement allows different people to ascribe values to different
ecosystem services and to decide on how they should be assessed
(e.g. Castro et al., 2014). This helps to ‘unpack’ aspects of procedu-
ral justice. At the same time, including stakeholders in assessments
may be a first step towards participatory ecosystem service gover-
nance and management, which contributes to procedural justice.
Group deliberation and public debate have been proposed to artic-
ulate values of public goods such as clean water and air (Wilson
and Howarth, 2002). Such deliberation addresses value plurality
among stakeholders, assesses how these values could change over
time, and reflects on the socio-economic costs of appropriating cer-
tain ecosystem services (Kosoy and Corbera, 2010).
The ecosystem service concept offers a platform to represent
different values of and interests in using ecosystems (Justus
et al., 2009; Schröter et al., 2014b). This platform could provide a
basis for participatory decision processes on sustainable use of
ecosystem services and therefore contribute to procedural justice.
However, critical reflection is required on whether power relations
prevent some stakeholders from expressing and claiming their val-
ues and interests (Felipe-Lucia et al., 2015). Moreover, the framing
in terms of ecosystem services may discriminate against other
ways of knowing and other framings of nature-society relations
(Sikor et al., 2013).
Based on this discussion of procedural justice, future ecosystem
service assessments and management should: 1) Move beyond
simply assessing the benefits appropriated from societal interac-
tions with ecosystems and study the procedures by which ecosys-
tem services are appropriated and the extent to which such
procedures are inclusive and just. 2) Directly address power, inclu-
sivity and participation in ecosystem service assessment and man-
agement. 3) Emphasize the pluralistic values ascribed to society-
nature interactions and consider how such values can be part of
the ecosystem service framework.3.5. Sufficiency
By asking ‘‘howmuch is enough?” (Sachs and Santarius, 2007, p.
160) rather than ‘‘how much more can be extracted?”, sufficiency
offers an awareness-raising perspective on the human dependency
on ecosystems. Sufficiency relates ecosystem service flows to dif-
ferent aspects of distributive justice and asks for absolute quanti-
ties of ecosystem services that are necessary for meeting the
needs of present and future generations. A change in value percep-
tions and preferences can change the proportions of ecosystem ser-
vices appropriated from ecosystems and reduce overuse. For
instance, sufficiency might lead to reduced fodder extraction for
meat production (provisioning services), which could pave the
way for increasing non-material benefits of cultural or regulating
services from restored ecosystems (Benayas et al., 2009; Power,
2010). Thus, sufficiency might reduce the flow of provisioning ser-
vices extracted from nature to a level that ensures the capacity of
an ecosystem to provide other services (see also section 4.7).
This discussion on sufficiency implies that there is a need to: 1)
Operationalize the ecosystem service flows necessary for achieving
human well-being within explicitly defined ecological limits (e.g.,
Daly, 1992; Steffen et al., 2015). This may involve explicit quantifi-
cation of the ecological carrying capacity of a given ecosystem
beyond which appropriated ecosystem service flows are not sus-
tainable. 2) Explicitly acknowledge that maximizing ecosystem
services benefits should not be the goal of managing society-
environment interactions.3.6. Efficiency
Efficiency means non-wasteful use of resources for satisfying
human needs (Baumgärtner et al., 2012), which may reduce pres-
sure on ecosystems by diminishing ecosystem service flows. Two
types of efficiency are resource use and allocative efficiency.
Resource use efficiency refers to reducing ‘‘the use of materials
and energy per unit of goods and services” (Sachs and Santarius,
2007, p. 158). However, marginal increases in efficiency can lead
to higher aggregated appropriation in ecosystems due to rebound
effects (Alcott, 2005). Hence, resource use efficiency is an ambiva-
lent strategy for sustainability. Allocative efficiency refers to allo-
cating scarce resources to their best societal use (Daly, 1992).
Wasteful use of ecosystem services can be seen as a market failure.
This failure could, in classical economic theory, be adjusted by
assigning monetary values to ecosystem services and subsequently
correcting market prices. Marginal monetary values should then
reflect scarcity and uncertainty about tipping points that could
be crossed by increased use of a service (Fisher et al., 2008). Of
all sustainability strategies, allocative efficiency relates most clo-
sely to monetary valuation and hence to the way a large part of
the literature implicitly conceptualizes and explicitly operational-
izes ecosystem services. Monetary valuation can help to more effi-
ciently allocate multiple cultural and regulating services that are
lost by conversion of or gained through investment in ecosystems.
However, monetary valuation implies that a single commensurable
metric can be applied to all ecosystem services (Abson and
Termansen, 2011), which is problematic for the recognition of plu-
ralistic values ascribed to ecosystem services (Chan et al., 2012;
Díaz et al., 2015; Klain et al., 2014). Moreover, typical valuation
approaches are premised on the ability to pay and aggregate utility
maximization, which ignores the initial allocation of money and
consequently distributive issues.
Based on this discussion of efficiency, two key aspects for future
ecosystem service assessments and management are recom-
mended: 1) Efficiency is only a meaningful strategy in relation to
a primary normative goal, such as justice (Baumgärtner et al.,
2012). This contrasts to treating efficiency as an inherent goal, as
is often done in economics. 2) If efficiency is considered, it should
be done across long time horizons rather than on static
assessments.
3.7. Persistence
Intergenerational justice presupposes persistence of ecosystem
properties over time. Within this context we first discuss the con-
sistency principle, which is often advocated in the sustainability
discourse, before we shortly address the more overarching concept
of resilience of social-ecological systems.
Persistence requires economic processes to be synchronized
with ecological processes and time frames. This alignment is called
the consistency principle (Sachs and Santarius, 2007). A practical
example of the consistency principle implies that the economic
production system should release only as much waste in a given
time frame as regulating services can recycle or absorb within that
time frame. Thus, persistence limits the flow of ecosystem services
to the capacity of ecosystems to generate matter, energy and infor-
mation which can be renewed within human time frames (Daly,
1977). Consistency thus entails a comparison of ecosystem service
capacity and flow, which is a parsimonious way to measure sus-
tainability (Schröter et al., 2014a). Flows that exceed these levels
entail degrading ecosystem services quantity and quality for future
generations. The absolute scale of permissible societal activities is
therefore relative to the capacity of the ecosystem to absorb and
renew (Daly, 1992). This criterion excludes coal, gas and peat as
sustainably appropriable ecosystem services. Consistency further-
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Many ecosystem services are co-produced as a combination of dif-
ferent capital inputs (Fisher et al., 2008). For instance, conventional
agricultural crop production uses non-renewable resources, such
as phosphorous or fossil fuels, or involves the liquidation of poten-
tially renewable natural capital stocks (e.g. soil nutrient mining).
The use of fertilizers and pesticides provide examples of capital
input where economic and ecological production cycles are not
aligned. If the use of these inputs contradicts the consistency prin-
ciple, then sustained ecosystem service provision for future gener-
ations is at stake. Thus, in order to evaluate the sustainability of
ecosystem service flows, capital inputs need to be integrated in
ecosystem service assessments (Palomo et al., 2016).
Because provisioning services depend on stocks (i.e. ecosystem
properties), renewability and consistency are more apparent for
provisioning services than for regulating and cultural services. Per-
sistence of regulating and cultural services is better expressed
through the maximum carrying capacity and resilience of social-
ecological systems (Ekins et al., 2003). Resilience can be defined
as the capacity of a system to retain its identity in face of distur-
bance (Walker et al., 2006). In an ecosystem service context, this
identity is the property of a social-ecological system to sustain
the provision of services (Biggs et al., 2012). An example could be
the maximum number of tourists that are allowed to enter an area
without causing disturbances that the ecosystem cannot absorb
without changing its principle function and character.
To better consider persistence, the following issues should
underpin future ecosystem service assessment and management:
1) Acknowledge that ecosystems are dynamic and consider tempo-
ral ecosystem dynamics, potential regime shifts and long term
degradation of ecosystem properties. 2) Identify to what extent
the appropriation of benefits from ecosystems are dependent onFig. 2. Different entry points to the ecosynon-renewable inputs and how this influences the long term per-
sistence of the flows of ecosystem services.
4. Open questions on operationalising links between ecosystem
services and sustainability
Depending on the problem at hand, our framework allows three
alternative entry points, which emphasize the reciprocal relation-
ship between ecosystem services and sustainability. These entry-
points are: (1) an ecosystem service perspective; (2) a sustainabil-
ity strategies perspective; and (3) a sustainability outcomes per-
spective (Fig. 2). For each of these entry points, the framework
assists in addressing different questions related to the interface
of ecosystem services and sustainability. These questions include,
for instance: Which aspects of ecosystem service appropriation
can affect the achievement of a particular sustainability outcome?
Which aspects of ecosystem service appropriation are shaped by a
particular sustainability strategy? Which sustainability strategies
are relevant for an ecosystem service assessment to contribute
towards sustainability?
Many questions remain with regard to the attempt to link
ecosystems services and sustainability. These questions relate to
descriptive-analytical problems for scientific assessments and to
normative-deliberative problems for deliberative discourses. Fur-
thermore, practical problems related to management implementa-
tion arise, which we do not cover here.
Scientific assessments require tools to analyse the different
strategies properly, for example through appropriate indicators
for the sustainability outcomes (Moldan et al., 2012; Naeem
et al., 2016; Smith et al., 2013). This is particularly challenging as
an understanding of sustainability (as an ideal, non-fixed and
deliberated state) differs between places. This emphasises the needstem service-sustainability-interface.
M. Schröter et al. / Ecosystem Services 25 (2017) 35–43 41for fair procedures and recognition when deliberating what should
be sustained concerning ecosystem service use. In an intercon-
nected world, decisions to manage ecosystems in one place can
affect the sustainability of ecosystem use in other places
(Kissinger et al., 2011; Liu et al., 2015). Hence, while place-based
assessments in the context of ecosystem services and sustainabil-
ity are important (Potschin and Haines-Young, 2013; Wu, 2013)
there is also the need to consider telecouplings and interregional
flows of ecosystem services between regions (Liu et al., 2016).
Even integrated scientific assessments will struggle to address
all strategies at once. Open questions also remain regarding the
interlinkages between the strategies proposed in this paper. For
instance, equitable intergenerational distribution requires suffi-
ciency, efficiency and persistence, as these strategies ensure that
human activities stay within ecological limits. Another example
are the interlinkages between the allocative efficiency strategy
and other strategies. When aiming for allocative efficiency, ques-
tions may arise such as: How is the best societal use determined
that should be efficiently met? How to delimit a societal system,
in particular in face of telecouplings? Are uncertainty and scarcity
actually reflected in monetary values? Hence, a thorough consider-
ation of other sustainability strategies is required to answer these
questions.
The conceptual links between ecosystem services and sustain-
ability can inform discourses within society, at the science-
society interface and within science. Based on deliberated goals,
well-selected strategies, as suggested in this paper, can contribute
to achieving sustainability. Acknowledging that not all strategies
will be equally effective in all contexts, our framework offers a
suite of approaches. The framework thus provides guidance within
discourses on different meanings of sustainability goals and differ-
ent means within an ecosystem service framework to achieve such
goals. Such deliberations might help highlight interlinkages or
trade-offs between sustainability strategies. For example, an expli-
cit focus on both intragenerational justice for humans and inter-
species justice might help bridge the divide between the original
use of the ecosystem service concept as a communicative tool for
biodiversity conservation and its more recent use as a manage-
ment tool for increasing human well-being. In turn, societal delib-
eration on what is sufficient, rather than efficient, in the
appropriation of ecosystem services may lead to new ways of
thinking about our interactions with and dependence on the natu-
ral world.5. Conclusion
The ecosystem service concept may involve normativity in
recognition, valuation and conservation of ecosystems. This nor-
mative character needs navigation, conceptual reflection and
transparency on how an operationalization of ecosystem services
could contribute to sustainability. While the ecosystem service
concept originated from a sustainability perspective, it has increas-
ingly encompassed potentially unsustainable use of natural
resources. Hence, the concept’s openness to interpretation might
obstruct its power to contribute to the overarching goal of sustain-
ability. If the ecosystem service concept is understood as contribut-
ing to sustainability, ecosystem services need to be conceptualized
through sustainability strategies rather than assessing all forms of
natural resource use in aggregated, snap-shot assessments. We
have distinguished seven strategies for sustainability. In relation
to each of these strategies, we have suggested key issues that need
to be considered in the application of the ecosystem service con-
cept and the management of ecosystems. While not every piece
of research can, or should, consider all of these issues, we believe
greater focus on the sustainability strategies (as ‘filters’) wouldguide interpretation of the ecosystem service concept and hence
reduce parts of its vagueness. The more ‘filters’ it passes, the more
likely an operationalization of ecosystem services facilitates a con-
tribution to sustainability. An enhanced and rich vision of ecosys-
tem services that is in line with the aims of sustainability should
thus include several dimensions of justice and be aligned with
the suggested strategies to handle ecological limits.Acknowledgements
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